The objective of this study was to determine a classification system for BN in incarcerated groin hernia patients and to explore the possible relationship between BN staging and patient outcomes. Incarcerated groin hernia patients treated with emergency bowel resection from January 2008 to December 2013 were screened for inclusion in a prospective study. A novel three-stage classification system was proposed for BN (BN stages I-III) and correlations between adverse events (AEs) and mortality with BN stage were determined. A total of 108 patients were included, with 71, 26, and 11 patients in BN stages I, II, and III, respectively. AEs, which included wound and intra-abdominal infections and other systemic complications, increased with higher BN stage (all P , 0.05). Mortality increased with BN stage, with 2.8%, 7.7%, and 27.3% at BN stages I, II, and III, respectively (P , 0.05). The proposed BN staging system can objectively reflect the degree of bowel damage and its corresponding adverse outcomes.
I ncarcerated hernia is a common emergency, with a risk of increasing bowel necrosis (BN) and necessitating emergency interventions. In fact, for irreversible BN, the BN degree changes with increasing necrosis time. The bowel wall can transform from having a normal morphology to being cracked and perforated. The surgical field can transform from contamination to infection. The patient can present with bowel obstruction, peritonitis, systemic shock, and even death. Therefore, the prognosis is different with increasing BN degree, and its corresponding management is different as well. There is no standardized system for grading BN severity or guiding appropriate interventions. Thus, there is a critical need in clinical practice for a grading system designed to assess BN degrees, such as those in groin hernia patients, and to ultimately offer clinical guidance for the selection of appropriate management and estimating prognosis.
We hypothesize that the grade of BN might reflect the degree of necrosis. Thus, the current study was designed to establish a preliminary classification system for BN in incarcerated groin hernia patients based on the severity of groin hernias, and to analyze the relationship between patient outcomes and BN staging. Ultimately, this study aimed to expand and facilitate the organization of the body of work pertaining to prognosis of patients surgically treated for incarcerated hernia and bowel resection.
Materials and Methods

Study design
A prospective study was conducted with consecutive adult patients with incarcerated groin hernias who underwent emergency surgery at the Department of General Surgery, Qilu Hospital of Shandong University (PR China), from January 2008 to December 2013. The study protocol was approved by the Institutional Review Board.
Patients
Patients were included who (1) were of adult age (.18 years); (2) were admitted for emergency care because of unilateral groin hernia; (3) were diagnosed with incarcerated groin hernia; (4) had irreversible BN; and (5) were treated with simultaneous hernia repair and bowel resection. Patients were excluded who (1) had a previous history of groin infection or severe dysfunction; (2) exhibited no infarction or other contents (e.g., omentum) during surgical exploration; (3) exhibited any other significant comorbidity, malignancy, or suspected malignancy that could have an impact on patient outcomes. All of the included patients underwent repair by using an open approach with primary sutures under epidural anesthesia.
Bowel condition assessments
Patient bowel viability was assessed visually at the time of surgery. We used the following four criteria to assess irreversible BN: (1) the intestinal wall was purplish black and/or had collapsed; (2) the intestinal wall lost tension and peristalsis ability or had paralytic expansion without shrinkage following stimulus; (3) the disappearance of pulsation of the corresponding terminal mesenteric artery; and (4) the application of hot compress with isotonic saline gauze or 5% procaine for vascular closure at mesenteric root (10-30 minutes) failed to produce improvement. If the bowel wall had cracked without form or the hernia sac filled with purulent liquid or fragments, it could be definitely defined as BN.
Novel classification of BN stage
The BN degree was exacerbated with elapsed time, and its corresponding local and systemic signs changed. Based on our clinical observations and the consensus reached by collaborating experienced surgeons at our facility, a novel classification system for BN (BN stage) was the development with grades from least to most severe, as I, II, or III (Table 1) . Staging was determined based on incarceration time (4-12, 12-36, or 36 hours), bowel function, qualitative assessment of bowel morphology (i.e., color and anatomic structure) and hernia sac (i.e., completeness and extrudate character), peritonitis, mechanical obstruction, and systemic shock.
Outcomes
Adverse events (AEs) were recorded, including postoperative wound and abdominal complications [i.e., wound infection, seroma or hematoma, intra-abdominal infection (or abscess), anastomotic leak, and bleeding] and other systemic complications (i.e., pneumonia, upper gastrointestinal bleeding, disseminated intravascular coagulation, sepsis, organ failure, etc). Mortality was determined by the number of deaths within 30 days of surgery, and no exclusions were made for cause of death (all deaths were assumed to be treatment related). 
Statistical analysis
Results
Observations in BN stage classification of included patients
A total of 108 patients ranging in age from 19 to 86 years (n ¼ 108; male-female, 87:21; mean age, 51.4 6 14.6 years) met all criteria for inclusion, with varying lengths of necrosis time. With increasing time (higher BN stage), intestinal morphology was observed to become progressively more obscured. Furthermore, with increasing BN stage, the contents of the hernia sac progressively became darkly colored and purulent liquid and, in some advanced cases, solid fragments of liquid and necrotic tissues (pus within the sac). And the patients progressively experienced mechanical obstruction, obvious peritonitis, and systemic shock. For necrosis within 4 to 12 hours of incarceration (BN stage I), exudates were yellow or dark red, the hernia sac was complete, the bowel was purplish black but with complete morphology, and there were no signs of peritonitis. This necrotic area increased progressively with BN stage. Progressively larger resection areas were required for patients with higher BN stage. Notably, no significant differences were observed in BN stage III patients, indicating that progression of the necrotic area reaches a maximum rate near 36 hours and slows thereafter. reported that symptoms lasting for .6 hours often resulted in large resection areas and more severe complications. Although no formal study has been completed previously, it has been our experience that even within this 6-hour window, many patients still required extensive resection. Thus, the current BN staging system was designed with incarceration time as a primary determinant, verified by perioperative morphology and clinical signs. Furthermore, a larger window of 4 to 12 hours was used as BN stage I because of the potentially high risk for BN even before 6 hours.
BN stage of included patients and outcomes by BN stage
A useful indicator of BN is peritonitis, which has also been reported to indicate the extent of bowel resection and may be linked to the response to infection in herniated tissues. 3 For patients exhibiting BN stages II and III, infection in the surgical field is a central issue, as infection can potentially spread if care is not taken in resecting infected tissues. Furthermore, much larger resection areas are generally required as the extent of infection increases, and autogenous flaps may sometimes be required in severe cases. 4 In general, later hospital admission time increased the extent of infection and BN in groin hernia patients, increasing the rate of AEs and mortality, consistent with previous studies. 1, 2, 5 As expected, BN stage also corresponded with increased bowel obstruction and anatomic abnormality, which may further complicate surgery when the bowel is cracked and clear bacterial activity is observed in the wound. Wound infection was a common complication of incarcerated hernia with BN, and often led to repair failure and recurrence. [6] [7] [8] However, with the aggravation of BN, the wound and abdominal infections increased. There is no consensus yet with regard to the use of prosthesis in the emergency management of incarcerated hernia with a bowel resection. 9, 10 In fact, all of the current reports of successful mesh repair lack the analysis of local pollution. Therefore, further study should be made to select appropriate repair methods according to different BN stages.
Furthermore, staging for other bowel conditions, particularly malignancies, 11 has resulted in a great wealth of documentation on disease-related change in bowel function and habits. Thus, it may be possible to gain more detailed prognostic information using detailed bowel function information, although this hypothesis has yet to be explored. In addition, some attempts have been made to develop staging systems for necrotizing enterocolitis in infants, including a symptom-based three-stage system that includes stage I characterized by apnea, bradycardia, abdominal distension, vomiting, and lethargy; stage II characterized by increasing symptom severity and radiologic pneumatosis intestinalis; and stage III characterized by low blood pressure, bradycardia, acidosis, disseminated intravascular coagulation, and anuria [12] . The benefits and limitations of these classification systems may be useful in improving the proposed BN staging system for adults with BN due to incarcerated groin hernia.
In adult patients with incarcerated groin hernias, a novel BN staging system was applied to successfully group patients by BN extent, and morbidity and mortality risk, demonstrating that BN stage I patients had a much lower mortality risk and lower wound and abdominal infection rates, as well as a lower occurrence of systemic complications occurrence than BN stage II or III patients. These findings stress the critical importance of early diagnosis and surgical treatment in patients with suspected BN, which may rapidly progress over only 36 hours. Extensive BN was a significant predictor of poor prognosis. Thus, the proposed BN staging system may serve the dual purpose of raising clinician and patient awareness of the need for prevention and early treatment of suspected BN in groin hernia patients and providing a useful, if preliminary, tool for prognostic prediction and evaluation.
